INTRODUCTION
There are various ion effects in electron storage rings. Most of these are "conventional" effects which occur when ions are trapped by a circulating electron beam for multiple revolutions. To avoid conventional ion trapping, as in the two B-factories and most of the light sources, a long gap is introduced in the electron beam by omitting a number of successive bunches out of a train. However, the beam can still suffer from the beam-ion instability even with gaps in the train [1] [2] [3] [4] . In the fast ion instability, individual ions last only for a single passage of the electron beam and are not trapped for multiple turns.
This paper briefly describes the beam-ion instability and tune shift due to ions in the ILC damping rings. The ion effects depend on the beam size and betatron functions. The beam emittance varies during the damping time as Where ε i , ε eq are respectively the injected and equilibrium emittance, and τ is the damping time. The injected emittance is 100 nm. The equilibrium horizontal and vertical emittances are 0.5 nm and 2 pm respectively. Therefore, the ion effects are a function of time.
The baseline design of ILC Damping Ring is one 6 km ring for the electron beam. This paper estimates the beamion instability in the 6km electron ring using a using selfconsistent simulation program.
INSTABILITY DRIVEN FORCE
Both the instability growth rate and tune shift due to the ion-cloud are proportional to the ion density and inversely proportional to the beam energy. Therefore, they are proportional to the following factor
with the approximation of σ x >>σ y, which is satisfied for most of the light sources and damping rings. Table 1 compares the ion instability driven force for some electron rings. In the table, N b is the total number of bunch, I is the total beam current, S B is bunch spacing and q is the total charge of the beam. All the rings are assumed to be filled with one long bunch train and all the rings have the same vacuum. Note that the vertical emittance of ALS in normal operation is 0.13μm in order to improve the beam's lifetime. The APS beam has long bunch spacing of 46m, where ions are not trapped at all. Table 1 shows ILC damping ring has the maximum driven force of the beam-ion instability. It is about two orders of magnitude higher than the B-factories. Since Super Bfactory has a high vacuum pressure of 5nTorr of CO+ [5] , it also will have strong instability, which can be faster than ILC damping ring. 
MITIGATIONS AND DAMPING MECHANISMS

Multi-train beam filling
Without gaps in the beam fill pattern, the ions with a relative molecular mass greater than A x(y) will be trapped horizontally (vertically), where
where r p is the classical radius of the proton, n is the number of electrons per bunch and σ single bunch train with a long gap is often used to remove the trapped ions. The ions generated by the bunches at the head of train can cause fast ion instability. A multi-bunch train filling beam is proposed for ILC in order to reduce the number of trapped ions [6] , and therefore the driven force of the instability. The number of trapped ions can by reduced by a factor which inversely proportional to the number of bunch train:
Here, τ gap is the length of bunch train gaps. τ ions is the diffusion time of ion-cloud, which is close to the ion oscillation period:
where A is the mass number of the ion.
There are various possible beam-filling patterns in ILC. The number of bunches varies from 3000 to 6000 with a constant total beam current. We study two special beam patterns: 2767 bunches and 5782 bunches. The main parameters for these two filling patterns are listed in Table  2 . The 2767 filling pattern has slight more bunch trains with a slight shorter train gaps. The τ ions is the same for the two filling patterns because of their same beam line density. Simulation shows that the two filling patterns have a similar IRF and the ion density is reduced by a factor of more than 60 by using multi-train filling pattern.
With the multi-bunch-train filling pattern, the ions can be trapped for a period longer than one bunch train, but shorter than one turn. Therefore, the beam instability is neither the traditional ion trapping instability nor the classical fast ion instability. A simulation with the realistic beam pattern would be necessary to study the bunch train effect. One bunch train was used in the simulation with multi-train filling pattern to speed the simulation [7] . However, it gave a lower ion density, and therefore a longer growth time, due to the neglect of the surviving ions from the train gaps.
Landau damping due to the tune spread
The ion bounce frequency varies along the ring due to the variation of the twiss functions. This tune spread can damp the instability by a factor of 1/ΔΩ i , rms , which depends on the optics of the ring. Figure 1 shows the betatron function and dispersion of one ILC damping ring design. Simulations with single and multiple beam-ion interaction points by including the realistic optics give a vertical instability time of 4 turns and 13 turns, respectively. This gives a damping factor of 3.25 due to the frequency spread, which indicates a tune spread ΔΩ i,rms of 0.3. The beam vertical oscillation and beam spectrum are shown in Figure 2 and 3, respectively. The bunch amplitude increase exponentially when the amplitude is small comparing with the beam size, and then it grows linearly with time [8] . Here, ρ is the simulated ion density. Note that Eq. (6) shows a simple dependence of the instability on the optics (ΔΩ i,rms and β), beam energy and ion density, which is related to the vacuum pressure and beam (current, filling pattern, and emittance). It is interesting that the form of Eq. (6) is similar to the instability of BBU due to the wake of ion cloud. Figure 4 shows the wake due to ion cloud for several beam conditions. The frequency of the wake is the same as the ion bouncing frequency and the Q-value of the wake is low. The wake generated by the preceding bunches can affect only the bunches within several bunchtrains afterward. Because of the larger ion frequency comparing to beam revolution frequency and the low Q of the wake, there are always some unstable modes. And the instability spectrum is wide-distributed even with single ion-beam interaction point as shown in Figure 2 .
Effects of emittance and multi-species
The equilibrium emittance is used in the above simulation. With a larger emittance, ions are easier to be trapped and the train gaps are less effective in the clearing of ions. As a result, more ions can be accumulated and a higher ion density can be achieved. Detailed simulations with different emittance show that the instability can be faster with a larger emittance due to the higher ion density as shown in Figure 5 . The instability growth time is shorter than 10 turns at earlier period after injection. The maximum tune shift due to the ion-cloud is 0.001.
There are a several gas species in the vacuum. Each gas ion has its own frequency. Therefore, additional tune spread is added when multi-gas is considered. Simulation shows the damping due to multi-gas species is small. The combination of its effect with those of train gap and optics makes it difficult to be identified. Another simulation concludes that the superposition rule applies for multispecies of ions [9] . 
Feedback
The fast ion instability is transient. A slow damping, such as the radiation damping or feedback, can damp the bunch oscillation from the head to the tail in the train, and then the oscillation of all bunches is finally damped [10] . In ILC case, it is not the classical FII, the ion cloud can't be clear-up during the train gap. The surviving ions from the gaps can drive the bunches at the head of the train unstable. A bunch-by-bunch feedback is proposed to suppress the beam-ion instability. Simulation shows that a feedback with a damping time shorter than the instability growth time is required. Figure 6 shows the damping of the beam-ion instability by a bunch-by-bunch feedback system. The feedback is turned on when the beam oscillation amplitude is about 0.2σ.
As discussed above, the fast instability (exponential growth) occurs only at small amplitude. A slow feedback with a damping time longer than the exponential growth time can damp the linear instability and limit the beam oscillation amplitude within one beam size. Therefore, the beam is likely stable (not lost) even with a slow feedback. However, the remained oscillation can cause the loss of the luminosity. 
SUMMARY
The instability can be mitigated by a factor of 60 by using multi-train beam filling pattern. However, the growth time can still be faster than 10 turns (the feedback capability). 
